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Abstract

The 2011 Off the Coast of Tohoku Earthquake caused a land subsidence and was followed by a large tsunami. At Moune
area in Kesennuma (Miyagi prefecture) the water has submerged the land lying fallow which became a wetland.
Seaweed and seagrass have taken root, small crustaceans have settled and fishes have immigrated into the wetland. The
aims of this study was to elucidate the ecological function of wetland focusing on seagrass and seaweed meadows in the
wetland ecosystem, to contribute to the preservation of the wetland as memory of The 2011 Off the Coast of Tohoku
Earthquake and to create environmental education opportunities. To reach these aims, seasonal biomass variations of
seaweed, sea grass and small crustaceans were investigated, and relationships between these organisms were studied
using stable isotope analysis and field observations.

There is positive correlation between the biomass of small crustaceans and the biomass of seaweed. Stable isotope
analysis and field observations suggest that seaweeds are not the main food source of small crustaceans but they offer
habitats for small crustaceans. Fishes consume small crustaceans; therefore, seaweed providing fishes with food might
contribute to an increase in their abundance and diversity, thus having a direct positive impact on local fisheries
activities. The preservation of the wetland might also contribute to environmental education (i.e. field work
experience) .

o B (LT, 266D ORISR ETH - 72 L g,

1. BUBIC HIARVE T & & & 12V & 0 WAAEA L, K3 5
201143 HIZ 384 U 2= AL 5 ASEvE 2 i &k o, O (&3 19,100 m?) ASEEAE L 7=,

R AT C I A8 74 em P T U 7. izl TRHO TN 5 3 EAAEMHO LN L Oh 0



MRV T & AR K 0 R U 23RS do o B - W L oo/ NRIFR RS 153

Bciibh Tk (&H 62012, EHIARWMS
2012), ZERLCIHWTE 2011 4E 5 H IS KNAEERNE A
F— LDHERE N, 2 H HIZ—E OFE MG L T HhE

EhTwad (H 2012).

TEHOGREAE B AR I3V - WBEMRA L, 1B - U
B & & B I/ NVIHEEIE SR &, SO R
FTE2EIT ko —RICHEE - WBEEE (LAS
1999) R, ARV ORT I EDONTY), FlEws L
(Akins and Kikuchi 2001) (37N 8RR 12 A2 L % 42
45, 251, NHUHBSHIZEHOBRIE 55 Z &
5, —RAEHEEKEEMEOD K SEBELMEZ LD S
Z &M ST B (Huhand Kitting 1985) . 1 3 -
W SRR E, NBRUFR R FE I B e B EH B (Akins and
Kikuchi 2001) ¥ & OB O EHILE  (Kevrekidis 2004)
RIS 27200 T <, ST D BEIN T 0 S A HEF
DEEBIT L 20, WEEHROBHHIZA & %8 4 Rz
T OKEEFT 2015). L2 LHAETIE, MW20.01 km?
DAL TREEA 20 m BATRIZ & 5 W13, B S TR
TR EI2X 0 1978455 5 1992 412 21 T 64 km’ 23 2%
bhzz (LI 2000).

—77, WALRHTHUEEE %0 TR A ERE & 75 >
TW5. KilgHho —5 %3 5 NPOIEAN [#RiZiOD
ANl IR AEEXORSEE LTREL, M ERERD
AL 7= BICBA B -0 OBREREOS L LTFH|
HIT2ZLE2METLTED, ZOODOAEREFENHIRD
INEE L BRRD 5T 5.

A2 TIE, A BT 2 OBBED IR &, &
SOEMEE U T OIS TR OME I X OBREESE FhE
I 2R R OUEE - B2 A E L, EMREL 20
EEBRBOFHAAET 2 & & 812, Wi - e
AINRIFRR B K O & OBItR %, VRO FHZEAL,
W - RIS L B OB, RERNMAE FL
RS s EIC K DS 2T L7,

2. MEERE

21 AEHOBE

2011 T 784 U 72 AL I 5 AT CEph 2 12 1 S Kbl
WRIZE DA L 72 k/N3 5 Fr XM 5 5, AW
Z% U PE SRR O HHNZ A7 3 5 i F# 9,000 m” DYt %
WHRE L7 (Fig. 1). AT, MO e
BN E DOBONTIHFIZERG & 728K E 258 U Tk
MEWT 5. R 0 m LU OE /3 33K Ay

D Water logged zone.
D Water logged zone on high tide.

an] &
&
<
&
39°N+

38°54'15. N

RT —
500N ] B Drain
\
\‘%%\ ;
s34

2
2
NN
2

£
Kesennuma-city 1o - "
Pasaii M | Nishi-Moune River

141°3700E O7TSE  O7TS0E  STUSE

Fig. 1. Map of the study area. Numbers show sampling stations.
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Fig. 2. Photograph of the cover net.
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Fig. 3. Seasonal fluctuations of water temperature, biomass of sea-
weeds and sea grass in the Moune wetland during the period
from May 2014 to March 2015. Error bars are standard
deviation.

Table 1. Environmental parameter and the biomass (mean®SD, gm ™) of seaweeds and sea grass in the Moune wetland during the period

from May 2014 to March 2015.

May 2014 Jul Sep Nov Jan 2015 Mar

Environmental parameter

Temperature (°C) 20.7£2.5 273%1.7 20.4£0.9 12.7£1.1 8.21+0.5 7.6£0.9

Salinity 18.9+5.2 13.7£8.6 21.9+4.7 18.3+6.1 25.7%£2.9 23.1%1.7
Biomass of seaweeds and sea grass (g m ™)

G. vermiculophylla 7271590 146166 881182 45161 7792 89+117

C. distichum 0 0 3076 60111 5+16 1£3

Z. japonica 621148 30388 121+268 781188 3+13 0
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Table 2. List of animals, seaweeds and sea grass which were collected from the Moune wetland during the period from May 2014 to March 2015.

Animals

Species

Japanese name

Sampling tool

Seaweeds and sea grass

Cladophorales Chaetomorpha sp.
Caulerpales Codium fragile
Fucales Sargassum sp.
Ceramiales Centroceras distichum
Gracilariales Gracilaria vermiculophylla
Najadales Zostera japonica
Crustaceans
Mysida Neomysis awatschensis
Cumacea unidentified Cumacea
Tanaidacea Sinelobus sp.
Isopoda Gnorimosphaeroma sp.
Amphipoda Paradexamine setigera
Amphipoda Platorchestia platensis
Amphipoda Eogammarus possjeticus
Amphipoda Grandidierella japonica
Amphipoda Melita shimizui
Amphipoda Corophium insidiosum
Amphipoda Ampithoe sp.
Amphipoda Pontogeneia sp.
Fish
Perciformes Tridentiger obscurus
Perciformes Tridentiger brevispinis
Cypriniformes Tribolodon hakonensis
Mugiliformes Mugil cephalus
Perciformes Acanthogobius flavimanus
Perciformes Girella punctate

Scorpaeniformes

Platycephalus sp.

YaXER/DO—E Cover net
I Cover net
KV I EO—FE Cover net

o X7 Cover net
T Cover net
ary~v-=t Cover net

A HH7 Cover net

7 —<vHO—E Cover net

v a7 AFD—Ff Cover net
4vay T LVEDO—E Cover net
YIILF b RkIaaxze Cover net
EXANT LY Cover net
K¥zy bbbt aaxy Cover net
=4k Fugyaxry Cover net
vIXAYAKxIaTLY Cover net
[N IV IR N = 7 VAR Cover net
v+ Haaxego—fiE Cover net
TaFHIaTVBO—E Cover net
FF7 Spoon net
XvFFT Spoon net

v 74 Surf Zone net
K7 Spoon net & Surf Zone net
vy Gill net
XS Surf Zone net
v I Gill net
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Table 3. The biomass (mean+SD, gm ™) of small crustaceans in the Moune wetland during the period from May 2014 to March 2015. Value

shows mean=SD which were determined from 20 stations.

Species May 2014 Jul Sep Nov Jan 2015 Mar
Neomysis awatschensis 1.1£2.6 1.0x14 0.010.02 0 0.01%0.05 0.03%0.1
unidentified Cumacea 0 0 0 <0.01 <0.01 0.03%0.1
Sinelobus sp. 0.1%0.1 0.5%+0.5 0.1+0.3 0.3%0.5 02104 0.1%0.1
Gnorimosphaeroma sp. 1.7£2.5 0.410.6 0.7+0.9 0.5%0.8 0.3%0.8 0.6x1.1
Paradexamine setigera 0 0 0 0 0.0240.08 <0.01
Eogammarus possjeticus 0.3%0.6 0 0.01%0.01 0.10.3 0.2%0.6 0.5%£0.8
Platorchestia platensis 0 0 0 0 0 0.05%0.01
Grandidierella japonica 1.3+1.7 0.240.2 0.60.9 0.3%0.3 0.3%0.6 0.8%1.7
Melita shimizui 0.4%0.5 0.1%0.1 0.3%0.6 0.3%0.5 0.1£0.2 03104
Corophium insidiosum 5.0%3.1 1.7£2.0 1.5+2.6 1.2+1.6 1.7£2.0 24126
Ampithoe sp. 24424 0.7%0.7 02103 02403 0.4%0.4 0.4%0.6
Pontogeneia sp. <0.01 0.0110.04 0 0 0 0
Total (crustaceans) 123+74 45%238 3.4+4.38 29+2.7 33+238 52+54

Table 4. Relationship between the biomass of seaweeds and sea grass, and the biomass of small crustaceans during the period from May 2014 to
*: P<0.05, **:P<0.01.

March 2015. Value shows Pearson’s correlation co-efficient (R).

Gracilaria vermiculophylla Centroceras distichum Zostera japonica
N. awatschensis 0.137 0.227 0.155
Cumacea sp. —0.087 —0.127 —0.144
Sinelobus sp. 0.097 0.757** 0.297
Gnorimosphaeroma sp. 0.503** 0.437* 0.102
P, setigera —0.049 —0.067 —0.077
P. platensis —0.066 —0.067 —0.077
E. possjeticus 0.167 0.136 —0.118
G. japonica 0.387** 0.128 —0.104
M. shimizui 0.488%** 0.851%** —0.130
C. insidiosum 0.580** 0.096 —0.070
Pontogeneia sp. —0.034 ND —0.086
Ampithoe sp. 0.789** 0.819** —0.138
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Fig. 4. Seasonal fluctuations of the biomass (g m ™) of small crus-
taceans during the period from May 2014 to March 2015.
Error bars are standard deviation.
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Fig. 5. Correlation between the biomass of seaweeds and sea grass
and the biomass of small crustaceans during the period from
May 2014 to March 2015. Number of sample is 109.
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Fig. 6. Correlation between the biomass of Gracilaria vermiculophylla and the biomass of small crustaceans during the period from May 2014

to March 2015. Number of sample is 79.
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Fig. 7. Correlation between the biomass of Centroceras distichum and the biomass of small crustaceans during the period from May 2014 to

March 2015. Number of sample is 27.
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INE =y e XL LT, 9AMEERICE TS 4 Y
AV TLVIEO—FE, FrAH) Fur gLy, X FH
I3 VEDO—fE (Fig. 8-1n,q, 1), 11 H#AEIZEH T
b=k vFuyaxTy, ¥yIZxxYgadaxy, U
YRy gLy, AP A IATCEO M (Fig 8-2c~

), SH#EEICKs 2 erFHaasvigo—Mrd
Fo5had (Fig 8-2r).

T A7 A A S 7/ NIHREE T, 2014 4F
9 H & 11 AFERICIT/NURE M (v xa 7 ZED
—fE, AVIVTLVREDOfE, YIZAYKLIIALY,
LA aagO—fE) OEYIEEWERD L —
BT AT EYRO S8 — Y EHEPLL T2 (Fig
9b~e, g~j). [ARRIZT ) A7 H DM 8— v & XL —
BLUFE LT, BAFERICBT I A 230
IV (Fig.9n), 3H#AERICK TS 307 2 /50—
errAaazego—MEiAsiFohsd (Fig 9q,0).

35 g - BELORES SUOEERR

WS - R ORER LICEYIC XS BREMRET S 2 &
ECEL, ol T, AT ) OFK LITHEN SR
HHELTHD, ZONEIZ LAY Fa s XL Coro-
phium insidiosum % ffEqe L 72.
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Seaweed Small crustaceans
Gracilaria Gnoril D, oma sp. Gr idie a Melita Corophium Ampithoe sp.
vermiculophylla Jjaponica shimizu insidiosum

May
2014

July

Sep.

Fig. 8-1. Isopleths of the biomass (wet weight: g m>) of Gracilaria vermiculophyll and five species of small crustaceans which had the signifi-
cant correlation with Gracilaria vermiculophyll during the period from May 2014 to September 2014.

Seaweed Small crustaceans
Gracilaria Gnorimosphaeroma sp. Grandidierella Melita Corophium Ampithoe sp.
vermiculophylla _Japonica shimizu insidiosum

Nov.
2014

Jan.
2015

Fig. 8-2. [Isopleths of the biomass (wet weight: g m ™ °) of Gracilaria vermiculophyll and five species of small crustaceans which had the signifi-
cant correlation with Gracilaria vermiculophyll during the period from November 2014 to March 2015.

Seaweed Small crustaceans
Centroceras distichum Sinelobus sp. Gnori sp. Melita

Sep.
2014

Jan.
2015

Fig. 9. Isopleths of the biomass (wet weight: g m™>) of Centroceras distichum and four species of small crustaceans which had the significant
correlation with Centroceras distichum during the period from September 2014 to March 2015.



Table 5.

VUL 2y Rt ) A )

number of samples. 1) See text.
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Stable carbon and nitrogen isotopic ratios (6 "C, § "N: mean®=SD) of animals and possible food sources in the Moune wetland. n:

Species Tissue BC (%o) "N (%o) n
Possible food sources
Gracilaria vermiculophylla —229+1.3 53103 24
Centroceras distichum —17.1 5.1 1
rPOM (riverine particulate organic matter) —27.3£0.6 1.6£0.3 4
TOD (terrestrial organic debris) —28.4%£1.1 1.0+1.8 4
SOM (sedimentary organic matter) —27.7£0.9 1.2£1.0 64
BMA1 " —18.7413 2.940.1 3
BMA2 " —17.6 2.9
mPOM (marine particulate organic matter) —21.9+0.5 4.6+1.0 3
Animals
Sinelobus sp. Whole body —15.6 3.8 2
Gnorimosphaeroma sp. Muscle —19.2x1.1 7.1£0.9 13
Whole body —143+24 2.4+0.5 6
Eogammarus possjeticus Muscle —22.9 7.0 1
Whole body —23.0 3.7 1
Grandidierella japonica Muscle —21.6x1.1 4.9+0.7 5
Whole body —21.4 2.7 1
Corophium insidiosum Whole body —18.0£0.4 69=%1.1 9
Ampithoe sp. Muscle —22.0t1.5 5.9%0.6 11
Whole body —18.7%x1.9 48104 7
Palaemon paucidens Muscle —18.2%£1.0 9.7%0.6 4
Tridentiger obscurus Muscle —18.0£0.9 9.8+0.4 3
Tridentiger brevispinis Muscle —17.4+£1.0 9.8+0.4 13
Tribolodon hakonensis Muscle —21.8 9.4 1
Mugil cephalus Muscle —16.5£1.0 7.1%£0.2 3
Acanthogobius flavimanus Muscle —17.4x0.5 9.9%0.2 10
Girella punctate Muscle —18.5 11.9 2
Platycephalus sp. Muscle —16.5 11.0 1

3.6 §Eﬂﬁ%k“ﬁtﬁwﬁwgwﬂﬁ

R F 0 A/ NV, NUHBHO BEYIR E D
I AW B X ORI THRE S h 2SO 6°C, 0PN
% Table 5 % & UFig. 101Z/R L 72,
NIREERO TUIRE R D 5 B, PEFEAEMIZE
£ 3% rPOM, TOD % & UVSOM D6 *C it 13 —28.4%0~
—27.3% DI, 0N FIIEIE 1.0%0~ 1.6%0 D i [ 12
D, WEFhEEVMEAZ R L=, e 75 v 2 b v
ZARTmPOM®D §"C,6 "Nz Zh Fh, —21.9%0.5%,
46+1.0%TdH 7. —J, mPOM D [EINIKIAE & X
FT ) DIPCIF—229F13% & RRIK<L, §°NIZ5.3
+03% L@ o7 T AT HDENILZS.1% & F
T ERIVNILDETH 57205, §°ClE—17.1% & F
T X0 EDE, S AR I B R
D6"C, 6 "NAEIZ—18.5%11.3%0, 2.910.1%0 (Table 5, BMAI;
RO RRER T —4), AV I=FLDHEEL %
JEAE TR DAL 2 L 4 17.6%0, 2.9%0 T & O (Table 3,
BMA?2 ; BB E—IBRFEER T — %) L IZFEPIL 724l T
HoTz.
AvavygrvEo—fle sy HaavEo—FfE
DPCL "N %, KRk MR TS 3 &, §°C
BEREEROEO T BERICELS RE ;s 2hZhp=
0.005, 0.004), S"NIZAFADMED S AEFIZED - 7=
(thE s P<0.001). =&Y Favaxzveid, i
D RENRET B ENTEEL S8, D

@ Possible food sources
U Small Crustaceans Girella puniata
1 AFish A *
Platycephalys sp.
i atycepl a‘s Sp.
10 ; X ;
Tribolodon hakonensis, Tridentiger brevispinis
;‘.’; | Gnoril 0517’77'0”75 Sp. Mugil cephalus
i,Z Amphitoe sp. Comphlum insidiosum
2
Grandidierella japonica
5 (Gracilaria vermiculophylla Ce,,m,cems distichum
| mPOM
Sinelobus sp*
BMAT BMA2
0 —
T T T T I T T T T I T T T T I
-30 -25 -20 -15
5°C (%)
Fig. 10. Trophic structure of the Moune wetland ecosystem, shown

as a dual isotope plot of ¢ °C (%o) and 6 °N (%o) . Isotopic
compositions of BMA1 and 2 (benthic microalgae) were
from Y. Kumagai (pers. com.). Error bars are standard
deviation (3%: number of sample is less than three, result-
ing in no error bar). See Table 5 for abbreviations of
organic matter and animals in the plot.
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iz R U7z, RWFRIZ I 2 HBgHD 5 Cid, o°N
MENFF v OFBA T 57280, FHHIE U THinZRR
Bh& U7z RN AR T — 2 & BDRHEFT IS U 72,

AT ) OEMEREMAES AL, SN E — R E
IV EHN LAV Ay T LAVIBO—FE, bV HY R
Qs gLy, =k Fuyaxy, erFHIaareg
D—FEDH B, Wi2ZEDS"CF¥fE+ T/ VDstck
FHEA > T 72, WO NFHE (Zhth
6.9%0, 7.1%0) 7 b HETE X B RO o UNHEEML (PN
M ER B —MXAE 3.4% A W FH, DUTEAR) &, A3/
DINES 3% & IFKELS RG> TV, =k Py
aT v, hf%ﬁa:lEE®*@®@ﬂtﬁﬁéh5
y%%ﬁmi T QI 5 7223, WifED 5PN
SV S HEE S AR O 6 UNIZA T ) Ofi & iE
KRELFEE ST T/ 27 EYEEHBERAL R
rrua g AEoO—E, A VayTLAVEO—FE, v
FTHIAATCBO—HEDS B, $H2EHEDCTHEITT
JATHOSECHEIIKRELS R 5> THD, WfEOH
BEO OPNHEEM S T/ 7 DI N & id k< 7
o Tz iy, ¥4 7 ZIEO—FEOEPRHEEE &,
T/ ATHDSNEIFKRELS B 57 A, Wil
DY IZ A & 33T RNAR I ATERI O SR
BERE a5 7.

MMANTEREL 20D S5 b, F F 7 Tridentiger
X < FF 7 Tridentiger brevispinis, 774
Tribolodon hakonensis, &7 Mugil cephalus, </t
Acanthogobius flavimanus, * ¥ 7 Girella punctate, < 3 F
Platycephalus sp., {2 DWW TRERNKESHLE Z
NoDS B, RKEDY 74 I XV NAT7.1%0 &KW
AT EBRLS SO ClE—18.5~—16.5%0, 6 "N % 11.9~
9.7% DHFIPHIZ & - 7=.

M Z & OIFILENEY % Table 6 ISR L 72, FF
Tol3A VAV TAVIEO—FEE PV HY) Fa s a L
U, AV FFIALEERICMAC I AL
O—FPER I N, v NEPSIE, AT IEO—
& Neomysis sp., Capitella J& D —Fd Capitella sp., + ¥ 71V
F a2 &4y, % FESHPolychaeta spp., A BFHD —Fl

obscurus,

Table 6. Contents of digestive tract of fish collected from the
Moune wetland in September 2015.

Species Contents of digestive tract

Tridentiger obscurus Gnorimosphaeroma sp. (larvae)

Corophium insidiosum

Tridentiger brevispinis Gnorimosphaeroma sp. (larvae and adult)

Corophium insidiosum

Ampithoe sp.

Tribolodon hakonensis No contents

Mugil cephalus Diatom

Acanthogobius flavimanus Neomysis sp.
Capitella sp.
Corophium insidiosum
Polychaeta spp.
Oligochaeta sp.

Chironomidae spp. (larvae)

Girella punctate Copepoda spp.
Neomysis sp.
Platycephalus sp. Unidentified bone

36 (2018)

Oligochaeta sp. 5 & U8 = Z 1) 7 %)) Ht Chironomidae spp.,
AV F P HE A T v HCopepodaspp. & A HH T 3 E
D— @ﬁiﬂjfﬁbt, AT h 5T/ RIS X
T, HEEA ST M) 2 ZROWENT b%ht.b
27U, HEEUSO T b 2 RO TR RE 2
%T bHotz. vIAFh o BRHOFEME MER SN
7=.

4, ER

Alph TR BEMELZ B LAT VI, N
2 bRz EES U THARIZHAL T AL T ¥ 7 H
PEONKFETH D (Huand Juan 2014), Z D21
e LTONENTH D, SN2 ET5 &L 810k
BEXD VLTIV TEAEFEAE T (Jensen et al.
2007), MR TENE R AT S (Huand Juan
2014). ZOXS BREAEATHZ LI, Bzl
L7 BRI OEEEHIC BT ], EROYHE R
AR UL 728 F 2 61 5.

FT ) BLUT ) AL NIRRIE (Va7 R
EBO—fH, AV avyTLVEO—FE, =k Fevax
v, vyIxxa3axy, bAHY Nus gLy, b
FrAIaaTEO—E) OEYEEOBICHERARIED
MBI A S, a7 ~vEDOEYEEOBIZIZAE MM
WEALNE 5T, Lwﬁ%aﬁiﬁﬁﬁ%®f§i@
WA QT & 2 A I AR Tl ERRA R Rt T
WZ e X ?l'(b\ % (Tuyaetal 2014, [lI K 5
1999). Gartneretal. (2013) (ZVRHFAD A 4 2 BB D
MG 28 OV E B S 2 UE U, MRS OB
BOWTHBED SN BN & AR LT KB7ECEE
S=A T ) BM N L L, T AT HIEEIRE
TR HIHE AR WM SE A BT 5. —H, AT~

FIXERDEROTH 2N L EWHMARKETH D,
ZO &S EfEN aERICKkD, a7 ~vE®EYEE /N

SRS YR & ORI R/ & s b - 7= Al ReME 3 %
Abhb.

F 3 ) OEYE L AHBIO A 5 =/ NRREE 5 0D
3 BRERMKAT N TE L5720 I A X)) &I T
I ABRS4HE MV ayTavEo—f —fv o
VaTY, brHYRasELY, erFHIaTCE
O —Fff) ORI S C, sUNHEEME A A T ) xRk
BZEn6, ITh6O/NUHGIRIEA T /) & F ik
ELThhnweieahad, ks, I3/ X794 0E
LHBEOASN-Y 2 u T A BO—FE, A VAV T LY
BoO—fE, vrrAHIabEo—fEconTd, HfEE
ENBERDC, SNIEAT ) AT ERED T L
5, ZO3MEO/NUFZBIZT ) 2 74 & ke L
TWwanweEzo6N35, LaL, BT, 4ike
JEHL 728 D TIRER - BRBERMIKRIEP L 5 Z &5
HE XT3 (Cloern et al. 2002) . A7 i, JEEHL
U 7233 D R 3 - BREERNMARILZE L Tougn
A, WENENT 5 2 & TIRE - ERLERNKILIZE
fbr, /WRHEHEN 2 N EEE LT 5 iTEgEiIE G E T
ES/RN

A IO THREO YR L AR SR A S 7
NI 6 FRED S B, VI XAV XTI AL ERLS
il D 8H B} 2 & 58 [RA AR LU B IS & 0 e L 72 (Fig.
100, X FHIaazvEo—fE =ty Ffoyary
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DR s CcHE M (2 ZFh, —23.0%, —22.6%)
BLOSUNHEEN (2.5%0, 1.5%0) (3 PEEIHA B & K
AEWAEDE ORI E L 722 &2 6, WAEREYORE
BEERE LT3 aMEeEp ey, [Hkkic, 4 v a3y
TLVEDO—FH, LAY FasZLYOROC
el (ZhnZFh, —202%, —19.0%) ¥ & U6 N4
TEAE (3.7%0, 3.5%0) (XUEENENI T T v 2 b v LR
WO OHRRICME L2 L2 5, MEEDORS

R E LTSRN, —, AT /0D
0"C, 0 "Nl (ZNFN, —22.9%0, 5.3%0) (I EEENEY
T2 b vDIC, 6N (—21.9%0, 4.6%0) 2L <,
RN R ES? 5%, 26 O/NUHGEEE S A T
J ) ZfRE UTTREME A TR E T E RV, RO
B H/NRIRERE D T 2 ) A, BT 5 arpetki
BnweZzohs. I/ A730%EEEHERD -7~
v a7 AJEO—FEOERHEEM (0°C=—16.6%0, 5 "N
=0.4%) (M4 36035 RIOFETIZEES A
Kotz KT ANRKEETDH - 72728, REkzik
BHE LTo C, 0 NI 21372, O HBSHD 734 ¢
WA EREIE L7z, iR ERBETA S h26C, 0
PN DZE L RER R ARE A &, AR AR E L 7285A
DY Fxua T ABO—FHOMEID s C, "N #HEET S &,
FNZFN—17.3%0,2.9% & 75 5. T OMEIXEL FUHEED
fEIZENZ &2 6, ARIZRAMMEIHRE L T Bl
BEME R Sz,

W - W ORI, IR B A A fR Ak L
T\ 3 (Akins and Kikuchi 2001) Z & BHISE TV 5.
AGEHIZBNT, FrAY Farsgsvidra s ki
WS D, vrrFaazvigo—f AVavT AL
VIBO—FEIZONWTE, AT )RT AT HERO =
WOCH s 2 BT e LCRIHL, A3 20 - 3
A7 LIS O &R BET U CE o EYE & R L
TW3EEZLNS, VIZAYXITLLIZONT
&, RERNAALE S TES, ATFEE 2R
DOHERIETE h > 72, AMEZHBEGEETH D (Akins
and Kikuchi 2001), HEE I LIZA L Nk h - 7273,
A AT )T A 7SO EE AR E L
THIHLTW3 Z L afesg s nre-.

T4 DA, AVFOHYE, voNE, vTFHED
KPEEEME S AN AZFH L T, M AY Far sy
LURAYY T IBOFEEEH L T 5 Z &AM HfERR X
hiz. My, RERNKIGICKD, 7577, XvF
FT, ¥, AVFEEGOEEL, e TS v
7 b v RIS & AR, TN /NG
BE—RHEE LT 5 BYEH Lo —abEH L LT
BIFons. 72, v I FOWMLE X EHEE R
Sh, KFED SN 11.0% oI D@ -72Z &
N6, “RIHEE KD EOEERBINETSEELD
3., 2ok, KEKEAEZ & O~
L LTOWMREAA L, —WEEEDS - RIHEED
NIRRT IR B H CTh S AN &0 D Bk
SR XN TE Y, W/ NI B RT & 47
M52 LT, KEAHBOMIICEKL T L0
A, ZOBEY» S EAGHOMREIEELEZZ 5N 5.

PR OER & Al 2 7 4 % NPOEAN [#Ri3WED
WA F, AW ARAL, BESFEO 74 —LFEL
TR Z 2R LT3, Ak, Fto
W - MR RER O TEBE AR HE A R L Tn

LZ NS, HFRIZ X - THEE U 7255
PEBHEDLGE BN 55 LN 0h o7z

A
AWRAETIITH 20D, WHRF R ER LR
Bh#, HERBESEEREDTE LRI ED ¥ F — b
%, KBREA RS EWEO A I Z KA 513 5mHE O [F)
i, BALKRZEO RGBT 13 - WEORE & 216
WH2 X L2 ELHELEL BT Ed. /-, HEMEH
DOWEA U TL 72 & 5 72 R H w72 2 —
A KT RED S 4, NPOIEAN [FRIZMEDAN] D
EIEEFHERIZCD 2 2 9 7D 4, SATABENREH
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